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No  significant  transportation  tests  with  lemons  have  heen  condacted 
since  the  stunmer  of  1939,  at  which  time  the  standard  lemon  load  was  348 
hoxes  and  the  stacks  were  only  six  hozes  wide,  allowing  nearly  one  foot 
of  space  for  air  movement  between  the  sides  of  the  load  and  the  walls  of 
the  car.    At  present  the  prevailing  load  is  464  boxes  with  the  stacks 
eight  boxes  wide*    She  present  load  is  not  only  more  than  thirty  percent 
heavier  than  formerly  bnt  also  has  become  a  solid  one.    Shipping  practices 
for  lemons  have  been  modified  in  other  ways  besides  the  size  of  the  load. 
Previously  most  shipments  moved  tinder  ventilation  or  if  refrigerated,  with 
initial  icing  only  or  initial  icing  plus  one  reicing  in  transit.    If  thus 
refrigerated  the  vents  were  oftentimes  opened  long  enough  before  scheduled 
arrival  to  allow  condensation  to  evaporate  and  make  sure  that  the  paper 
wraps  would  be  dry.    This  was  because  buyers  were  accustomed  to  receive 
only  tree  ripe  lemons  (or  weak  fruit  due  to  other  causes)  under  refriger- 
ation.   That  prejudice  is  now  largely  overcome  and  the  trade  no  longer 
tends  to  disco\3nt  refrigerated  lemons  or  those  that  arrive  with  wrappers 
moistened  by  condensation. 

Lemons  are  frequently  held  for  many  weeks  in  warehouses  in  the 
shipping  area.    The  temperature  maintained  in  these  warehouses  is  within 
the  range  of  55  to  60* F.    Among  lemon  shippers  it  is  considered  that  the 
lower  transit  temperatures  preferred  for  oranges  (50*  or  lower)  are 
likely  to  be  harmful  to  lemons.    Shippers  feel  that  if  temperatures  lower 
than  55*  are  harmful  to  lemons  during  warehouse  storage  they  should  accord- 
ingly be  avoided  during  shipment  and  that  transit  refrigeration  methods 
used  for  oranges  should  not  be  used  indiscriminately  for  lemons  as  they 
have  been  in  many  instances  in  the  past.    Because  of  these  circumstances 
this  test  was  designed  to  obtain  Information  on  how  to  obtain  desired 
temperatures  in  transit  for  the  heavier  lemon  load  now  being  shipped  and 
especially  to  consider  transit  refrigeration  services  under  halfstage  icing 
in  the  latest  type  cars  equipped  with  fans  to  provide  forced  air  circula- 
tion  through  the  load. 

Ob.iect 

The  object  of  the  test  can  be  stated  thus:  to  compare  different 
methods  of  refrigerating  lemons  during  shipment  in  the  warmest  summer 
weather  and  determine  the  most  economical  and  desirable  icing  service  for 
such  shipments. 

Test  Cars 

Fifteen  test  cars  of  warehouse-cooled  lemons  were  loaded  August  18 
from  districts  extending  from  San  Bernardino  County  to  Ventura  County, 
thus  including  lemons  of  both  foothill  and  coastal  types.    Because  of  the 
extensive  loading  area  and  the  several  locations  of  icing  facilities  it  was 
not  possible  for  the  test  personnel  to  secure  firsthand  icing  records  prior 
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to  the  make-up  of  the  train  at  Col  ton,  California;  however,  these  icing 
records  were  furnished  later  hy  the  Pacific  Pruit  Sxpress  Con5)any.  (Hie 
icing  services  used  are  presented  in  tahle  1* 

Two  test  hoxes  of  lemons  were  placed  in  each  car  at  the  quarter- 
lengthy  center-line,  top- layer  position.    The  test  lemons  were  silvers  smd 
light  greens,  arranged  in  groups  from  the  two  principal  districts. 

All  the  cars  were, of  the  same  series  and  had  just  come  from  the  re- 
building shops*    They  were  forty-foot  cars  having  the  same  dimensions 
throughout  and  were  equipped  with  fans,  grates  for  half  stage  icing,  con- 
vertihle  hulkheads  and  wall  flues.    The  rated  capacity  for  full  hunkers 
and  half  stages  was,  respectively,  11,500  and  6,500  pounds  of  chunk  ice. 
The  cars  were  rehuilt  with  wood  sheathing  and  cairied  4  inches  of  insula- 
tion in  the  side  wsdls  and  4-1/2  inches  in  the  floor  eind  ceiling.  All 
loads  were  the  prevailing  size,  464  "boxes,  two  layers  high  (on  end) ,  eight 
hoxes  wide  ajid  twenty-nine  stacks  long,  with  a  total  weight  of  ahout 
40,000  pounds. 

Temperature  Records 

Temperature  records  were  obtained  "by  means  of  electric  resistance 
thermometers  at  twelve  positions  in  one  end  of  each  car--at  hunker,  in  the 
seventh  stack  from  the  end,  and  at  the  doorway.    One  thermometer  was 
located  at  the  middle  south-doorway  position  and  two  were  used  for  top  and 
"bottom  air  at  center  line  near  the  doorway.    These  latter  were  intended  to 
simulate  '^liquidometers"  or  other  devices  that  would  indicate  inside  air 
temperature  at  these  two  positions.    Only  a  few  American  refrigerator  cars 
are  thus  equipped,  "but  it  was  desired  to  o'btain  these  records  and  see  how 
closely  the  air  teinperature  corresponds  to  the  temperature  of  the  fruit. 
If  there  is  a  close  correspondenc©  it  might  enable  operators  to  provide  re- 
frigeration on  the  basis  of  temperatures  desired  instead  of  by  arbitrary 
rule,  as  at  present. 

Route  and  Running  Time 

The  test  was  routed  via  Southern  Pacific,  Rock  Island,  Belt  Railway 
Conrpany  of  Chicago,  and  Brie  Railroads  to  Jersey  City.    The  total  elapsed 
time  from  Colton,  Calif,  to  Jersey  City  was  183  hours  and  45  minutes.  Of 
this,  107  hours  auid  8  minutes  (58.2^)  was  running  time  and  76  hours  and 
37  minutes  (41.8^)  standing. 

\feather  Conditions 

The  weather  conditions  encountered  were  very  satisfactory  for  the 
purpose  of  the  test.    Daytime  temperatures  across  the  desert  reached  a 
maximum  of  114**i'. ,  which  is  not  unusual,  but  the  temperatures  through  the 
central  and  eastern  states  were  also  high,  with  a  severe  and  wide-spread 
heat  wave  prevailing  in  those  areas.    The  average  temperattire  encountered 
by  the  test  was  88®F. ,  an  average  obtained  from  the  temperature  records 
taken  at  two-hour  intervals  during  the  nine  days  in  transit.  (See  the  out- 
side temperature  graph  on  the  charts.) 
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Condition  of  Test  rrult  and  Commercial  Loads  at  Destination 

The  test  "boxes  were  weighed  in  California  and  again  in  New  York. 
Because  of  high  outside  temperature  and  high  relative  humidity  of  the  air 
when  the  cars  were  "being  unloaded  so  much  moisture  condensed  on  the  cool 
fruit  in  the  test  "boxes  that  the  weights  were  of  no  significeuice.    Loss  of 
weight  in  transit  could  not  "be  determined  "because  in  a"bout  half  of  the 
instances  the  "boxes  weighed  more  in  Hew  York  than  in  California. 

Inspection  of  the  fruit  from  the  test  "boxes  disclosed  no  differences 
in  appearance  or  general  condition  attri"buta"ble  in  any  way  to  the  type  of 
refrigeration  serrice  used.    The  same  is  tnie  of  the  commercial  loads 
throughout. 

Car  M  was  diverted  to  Boston  soon  after  its  arrival  in  Jersey  City 
and  no  data  on  the  condition  of  this  load  axe  availahle* 

Comparison  of  Air  and  fruit  Temperafures  in  Test  Cars 

The  tenxperature  records  of  the  top  and  "bottom  air  o'btalned  in  lieu 
of  "llq.uidometer'*  records  are  presented  in  tahles  3  to  17  and  charts  1  to 
15,  inclusive.    The  air  circulation  in  fan  cars  moving  with  the  fans  on 
is  just  the  reverse  to  that  found  under  natural  refrigeration  or  with  no 
fans.    Under  fan  operation,  the  cold  air  is  "blown  out  through  the  top  "bulk- 
head opening  over  the  load  and  moves  down  through  the  load  to  the  space 
under  the  floor  racks,  "back  to  the  fans  and  into  the  "bottom  "bunker  openings. 
Hence,  while  running,  the  top  air  is  colder  than  the  "bottom  air.  Upon 
stopping,  this  movement  reverts  to  the  natural  circulation  fotmd  in  standard 
non-fan  cars  or  just  the  reverse  of  that  just  descri'bed.    Therefore,  after 
the  fans  stop,  the  warmer  air  rises  to  the  top  and  cooler  air  falls  to  the 
"bottom  of  the  load,  resulting  in  an  inversion  of  the  temperature.  There- 
fore the  relation  of  the  air  temperature  to  that  of  the  adjacent  commodity 
will  start  to  change  as  soon  as  the  fans  stop  and  will  continue  until  an 
equili"brlum  has  "been  eata"blish6d.    This  change  for  the  top  position  may  "be 
from  several  degrees  "below  to  several  degrees  a"bove  the  fruit  temperature. 
However,  if  air  temperatures  are  read  immediately  after  stopping,  "before 
mr^ch  change  takes  place,  these  readings  will  indicate  fairly  closely  the 
conditions  existing  during  fan  operation^    In  standard  non-fan  cars  in  which 
only  natural  air  circulation  takes  place,  there  is  no  inversion  of  the 
temperatures  when  the  car  stops  and  the  time  element  in  reading  the  tes^ 
eratures  is  not  so  liQ>ortant. 

In  this  test  a  great  deal  of  variation  was  found  in  the  extent  of 
agreement  of  air  and  fruit  temperatures,  under  conditions  of  different 
icing  service  and  fan  operation.    Wlt^  fans  on,  the  closest  correspondence 
prevailed  after  the  train  had  "been  running  continuously  for  a  few  hours 
and  the  temperatures  were  read  immediately  -apon  stopping.    If  the  readings 
were  delayed  for  as  much  as  one  half-hour  the  air  temperatures  could  give 
a  very  Incorrect  picture  of  fruit  temperatures.    But  "by  studying  the  air 
and  fruit  temperatures  with  the  knowledge  of  the  icing  services  used  and 
the  detail  of  train  movement  it  was  possi"ble  in  most  instances  to  under- 
stand the  divergence  or  coincidence  of  the  two  sets  of  records.    It  is 
oVvlous  that  an  exact  correspondence  "betv/een  air  and  fruit  temperatures 
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can  not  "be  expected.     It  also  seems  evident  that  it  would  be  more  difficult 
to  judge  the  situation  inside  the  car  on  the  "basis  of  air  temperatures 
alone  during  periods  of  very  hot  or  very  cold  weather. 

Effect  of  Refrigeration  Service  on  Temperature  in  T ransit 

The  test  cars  were  "billed  under  several  icing  services  used  with 
both  full-bunker  and  half-stage  icing  and  with  fans  operating  and  not 
operating.     These  icing  services  included  the  most  effective  refrigeration 
service  currently  recommended  as  well  as  some  not  now  being  used  or  not 
ordinarily  recommended.     See  tables  1  and  2. 

The  temperatures  in  transit  are  shown  in  tables  3  to  17 »  inclusive, 
and  charts  1  to  15.    -^n  examination  of  these  diita  leads  to  the  conclusion 
that  the  more  complete  refrigeration  services  for  oranges  during  the 
warniest  weather  (Pull-bunker  icing,  preiced  and  replenished,  and  reiced 
in  transit)  cooled  the  fruit  to  below  50*  and  are  neither  necessary  nor 
desirable  for  lemons. 

Half-stage  icing  with  these  services  likewise  proved  more  than 
adequate.     (See  records  of  cars  C  and  N  tables  5  and  l6  and  charts  3  snd 
lU).     With  the  exception  of  car  E,  all  cars  that  received  two  reicings  in 
transit,  whether  full-bunker  or  half-stage  iced,  also  showed  more  than 
adequate  refrigeration.     Car  E  (table  7  ^nd  chart  5)t  which  was  full-bunker 
iced  with  two  reicings  in  transit  had  restricted  air  circulation  1/  through 
the  bunkers  carried  the  load  throughout  the  trip  at  temperatures  only 
slightly  lower  than  those  maintained  in  lemon  warehouses.     Cars  J  and  K 
(tables  12  and  13  and  charts  10  and  11)  which  received  the  same  icing 
service  as  car  E  should  be  compared  with  car  E.     Car  J  had  fans  off  and  car 
K  had  fens  on  and  unrestricted  air  circulation  through  the  bunkers.  Cars 
L  and  M  (tables  Ik  and  15  and  charts  12  and  13)  received  half-stage  icing 
with  two  reicings;  the  former  with  fans  off  and  the  latter  with  fans  on. 
All  of  these  cars,  J,  K,  L,  and  M,  provided  lower  temperatures  than  neces- 
sary or  desirable  for  lemons. 


1/    This  restricted  air  circulation  through  the  ice  in  the  bunkers  was 
effected  by  blocking  most  of  the  bottom  and  top  bulkhead  openings  and  to 
retain  the  full  circulation  of  air  from  the  fans  in  the  loading  space-. -a 
portion  of  the  floor  rack  next  to  the  bulkhead  wp.«  reiroved  and  a  flass 
bulkhead  or  flue  was  installed  extending  across  the  width  of  the  car  and 
up  above  the  top  of  the  load,  thus  bypassing  the  bunker  with  the  greater 
portion  of  the  air  flow.     This  alteration  was  made  by  the  engineering 
staff  of  the  PRECO  Corporation  from  suggestions  by  J.  R.  iMacRill.     It  was 
tbe  idea  that  ^  relatively  small  shunt  current  of  air  through  the  ice 
bunkers  sufficient  to  take  care  of  heat  leakage  and  to  maintain  moderate 
load  temperatures  but  without  sacrificing  air  circulation  through  the  load 
would  be  a  modification  which  might  be  of  benefit,  not  only  to  lemon  ship- 
ments but  for  other  perishable  commodities  which  require  only  moderate  re- 
frigeration, such  as  tomatoes,  bananas,  avocados,  etc. 


Car  I  (table  11,  chart  9)  was  loaded  dry,  precooled  8  hours, 
initially  iced,  and  had  one  reicing  in  transit.    At  the  end  of  the  precool- 
ing  period  the  records  show  an  average  load  temperature  of  53.4®P,,  having 
been  lowered  nearly  10.5  degrees  in  this  time.    However,  the  thermometers 
happened  to  he  located  in  the  half  of  the  car  nesurest  the  precooling-air 
outlet.    Undoubtedly,  therefore,  the  inlet  half  of  the  car  was  cooler. 
The  teo^erature  of  the  air  in  the  inlet  ducts  was  24  to  26^7.    The  refrig- 
eration in  this  car  also  was  considerably  more  than  necessary. 

Cars  B  and  7  (tables  4  and  8,  charts  2  and  6)  received  icing  ser- 
vices not  currently  recommended  for  lemons  in  mid-summer  east  coast  shix>- 
ments  (see  table  1).    Sven  these  cars,  however,  showed  adequate  refrigera- 
tion 1$  to  arrival  in  Jersey  City,  indicating  that  except  in  the  most 
severe  hot  weather  this  service  would  no  doubt  be  safe. 

The  test  included  early  and  late  ici]3gs  for  both  one  and  two  re- 
iciogs  in  transit.    The  indications  were  that  a  second  reicing  should  be 
delayed  until  one  or  two  days  before  arrived  at  Altantic  Coast  destina- 
tions.   Preiced  and  replenished  shipments  with  only  one  reicing  probably 
should  have  that  reicing  delayed  for  four  or  even  five  days.    With  ware- 
house-cooled lemons  the  aim  should  be  the  maintenance  of  temperature  already 
attained,  and  not  a  rapid  cooling  as  with  \rarm  loaded  fruit,  where  an  early 
reicing  is  normally  required. 

In  general  the  results  of  this  lemon  shipping  test  indicate  that 
mid-summer  lemon  shipments  have  been  refrigerated  more  than  necessary 
and  that  a  substauitial  saving  probably  can  be  affected  safely  by  using 
less  expensive  icing  services. 
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